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Method of Inducing or Modulating Immune Response 

The present invention relates to the use of a polynucleotide, polypeptide and proteins 
encoded by or derived from such polynucleotide, along with uses for the polynucleotide, 

5 polypeptide and proteins and to a metliod of inducing or modulating immune response to an 
antigen and further relates to a method of determining the immune status of an individual 
with respect to a given antigen. In particular, the invention relates to the use of axotrophin, 
also known as MARCH VH to induce or regulate immune response to an antigen whether 
foreign or self, suitably in a vertebrate, for example a mammal. The invention also provides 

10 Isolated axotrophin and nucleotides and polypeptides encoded by or derived from 
axotrophin, compositions containing one or more thereof and assay methods. 

As used herein, reference to axotrophin includes a reference to a polynucleotide or 
polypeptide sequence having at least 75% and preferably at least 90% sequence id^ity to 

15 an identifying sequence of axotrophin. The finding that axotrophin plays a significant role in 
the immune response of an individual enables its use in numerous applications in a variety 
of techniques known to those skilled in the art of molecular biology, such as use as 
hybridization probes, use as primers for PGR, use in an array, use in computer-readable 
media, use in ^uendng full-lengft genes, , use in the recombinant production of protein, 

20 and use in the generation of anti-sense DMA or RNA, thar ch^ical analogs and the tike. 

Identified polynucleotide and polv^jeptide sequences have numerous applications in. for 
example, diagnostics, forensics, gene mapping, identification of mutations responsible for 
genetic disorders or other traits, to assess biodiversity, use as primers in expression assays 

25 and to produce many other types of data and products dependent on DNA and amino acid 
sequences. Axotrophin is known and details of the axotrophin gene may be found in the 
GenBank database and elsewhere under various Accession Numbers including AK022973 
and NM_022826.2 (human) and AF155739 and NM_020575 (murine). Human axotrophin 
protein sequence may be found under Accession Number NP_073737.1 and murine 

30 axotrophin protein under NP_065600.1. These sequences are set out below as Sequence 
Identtification Numbers 001 to 004 respectively. Axotrophin is one of 216 genes identified as 
being enriched in mouse embryonic, neural and hematopoietic stem cells as disclosed in 
Science, Vol 298, 597-600 18 October 2002 and is said (in Table 1) to participate in 
signaling and the ubiquitin pathway. Genes & Development 15:2660-2674 published in 2001 

35 discloses that mouse protein axotrophin has a RlNG-CH domain and is required for nomial 
brain development and that disnjption of the axotrophin gene may result in neural 
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degeneration and callosal agenesis. There would appear to be Irttle else known about the 
tiinction of axotrophin from the published literature. 

The present inventor has now found that axotrophin induces or regulates immune response 
5 to an antigen at the genomic, mRNA and/or protein level. It is believed regulation may be 
manipulated through antisense DNA or RNA or binding molecules. Additionally, axotrophin 
has been found to regulate T lymphocyte cell proliferation and to regulate release of 
leukemia inhibitory factor (LIF) for example from activated T lymphocyte cells as set out in 
the Examples below. WO 03/052424 discloses that c-kit {CD117), STAT3, stem eel! factor 
10 (SCF) and LIF are elevated in tolerant immune responses and that these may be used in 
modulating immune response generated to an antigen. A LIF murine sequence is available 
at SWISSPROT P09056. A human sequence is available at SWISSPROT P15018. 

The invention provides the use of axotrophin or a polypeptide or polynucleotide encoded by 
15 or derived from axotrophin to induce or to regulate directly or indlrecUy the immune response 
to an antigen, whether a "foreign" antigen {for example allogeneic, xenogeneic, procaryotic, 
viral or synthetic) or autologous C'seif ") antigen. 

Manipulation of the Immune response may be In ex vivo, in vivo or in vitro cell population. 

20 

Any reference to "regulation" of the immune response in relation to this invention includes 
regulating phenotypic development and maintenance of cell populations that regulate 
immunity to a given antigen. 

25 Reference herein to materials "derived from" axotrophin includes, by way of example, anti- 
sense sequences including RNAi, whether single or multiple stranded, and small molecules 
binding to polypeptides or polynucleotides of axotrophin, including antibody especially 
monoclonal antibody. Refer^ce to materials derived "direcfly or indirectly" from axotrophin 
includes any such polynucleotides or small molecules. 

30 

Reference herein to 'polypeptide" includes protein and especially mature proton. 

The invention also provides the use of axotrophin or a polypeptide or polynucleotide 
encoded by or derived from axotrophin in the manufacture of a medicament to induce or to 
35 regulate directly or Indirectly the immune response of a vertebrate to an antigen, whether a 
"foreign" antigen (for example allogeneic, x^ogeneic, prokaryotic, viral or synthetic) or 
autologous ("self*) antigen. 
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The medicament prtKiuced according to the invention is suitable for treating an individual to 
reduce rej^on of fmn^anted tissue, cells or organ. 

5 The invention further provides for use of axoiropHn or a polj^ucleotide encoded by or 

derived from axotrophin to regulate expression of LIF. LIF may induce or regulate directly or 
indirectly the immune response of a vertebrate to an antigen, whether a "foreign" antigen {for 
example allogeneic, xenogeneic, procaryofic, viral or syntlietic) or autolcgous ("self') 
antigen. 

10 

Suitably, use of polypeptide or polynucleotide encoded by or derived from axob-ophin allows 
cancwous immune celts that are sen^ve to LIF to be targeted ex vivo or In vivo. 

Without wishing to be bound by any theory, it is believed that axotrophin also regulates the 
e;q3res5lon of Foxp3 and SOCS3 at the genomic and/or protein level and ttiat this plays a 
role in T call regulafion. 

The invention provides in a furtt«r embodimMit for use of axotonphin or a pdypepBde or 
poli^ucleotide enaxted by or derived from axotrophin to induce or regulate T cell 
20 FBTollferaticNi in a cell population in an in vivo, ex \nvo or In wlro environment The T ceils are 
preferably T lymphocyte cells. 

Advantageously, the present invention may be used to guide the immune response of a 
vertebrate for example a manmal to accept a transplanted organ, tissue, cell, gene or gene 
25 product, artificial substance, or any other agent utilized within the body, for example for a 
tiierapeutlc purpose. The Invention is especially applicable in the u^ of stem c^ls in 
tlwrapy <x othenwise. 

The immune suppressive activity of axotrophin may be used to protect introduced biological 
30 materials from immune attad<, for example in transplantation of cells, to treat diseases 
including neurodegenerative diseases, tis^es for grafting or example bone man-ow, sidn, 
cartilage, bone, tendons, muscle including ca-diac muscle, blood vessels, cornea, neural 
cells, gastrointestinal ceils and others and orgais for transplantation Including kidney, liver, 
pano-eas including ttie islet cells, heart and lung. 

35 

Suitably, expression of the encoded or derived from axotrophin polypeptide or regulatory 
pcrtyj^ptide or polynucleotide sequences that influence axotrophin activity may be modified 
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in the host immune cells e>c vivo to bias the immune re^sonse to accept tiie introduced 
biological materials. Alternatively, or additlotially, esqsression of axotrophin wittiln the 
bidoglcal materials may be modulated ex vivo to carry immunwnodulatory properUes wrtien 
introduced in vivo. 

5 

Axotrophin nwy be employed in the treatment of immune disorders Including severe 
combined immunodeficiency (SCID) by regulating, up or down, T lymjrfiocytes as well as 
effecting the cytolytic activity of NK cells and other cell populations. These immune 
deficiencies may be genetic or be caused by viral (for example, HIV) as well as bacterial or 

10 fungal Infections, or may result from autoimmune disorders. More ^Jeclfically, infectious 
diseases caused by viral, bacterial, fungal or other infecBon may be treatable using a protdn 
or poiyruicleotideencoded by or derived from axotrophin including infections by HIV, hepatitis 
viruses, herpes viruses, mycobacteria, Lelshmaiia spp., malaria spp. and various ftjr>gal 
infections mxi% as candidiasis as vsrell as where a boMt to the Immune system gena^lly may 

15 be desirable, for example in the treatnrent of cancer. 

Autoimmune disorders which may be treated iraing a fwotein or pol^ucleotide encoded by 
or derived from axotrophin include, for examfrfe, connective tissue disease, multipie 
sclerosis, systemic lupus erythematosus, rheumatoid arthrifc, autoimmune pulmonary 

20 Inflammation, GulBain-Barre syndrome, autoimmune thyroiditis, Insulin d^endenl diabetes 
meiUtis, myasthenia gravis, graft-versis-host disease and autoimmune inflammatory eye 
disease. Such a protein (or antagonists thereof, including antibodies) of the present 
invention may also to be useful in the treatment of allergic reactions and conditions (for 
example, anaphylaxis, serum sickness, drug reactions, food allergies, insect venom 

25 allergies, mastocytosis, allergic rhinitis, hypersensitivity pneumonitis, urticaria, angloedema, 
eczema, atopic dermatitis, allei^ic contact dermatitis, erythema muKiforme, Stevens- 
Johnson syndrome, allergic conjunctivitis, atopic keratoconjunctivitis, venereal 
keratoconjunctivitis, giant p^illary conjunctivitis and contact allergies), such as asthma 
(particularly allergic asttwa) or other respiratory problems. 

30 

In using axoh-ophin, down regulafion may be in the fomi of inhibiting or blocking an immune 
respond already in progress or may invcrive prevwiting ttie induction of an immune 
response. 

35 The use of axotrophin in down regulating or fwevenHng one or more ftjnctions diffiig the 
immune response for example In reducing interferon gamma release, may be useful in 
situations of tissue, skin and orgai tran^lantation and in graft-versus-host disease 
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(GVHD). Up regulating aggressive immune responses by down modulation of axotrophin or 
a polynucleotide or polypeptide enaxled by or derived from axotrof^iin is also useful. 
Upregui^ion of immune responses may be in the fonn of enhancing an ejdsting Immune 
re^onse or elciting an irtttel immune response. For exampte. enhancing an immune 
5 response may be useful in c^s of virsA infection, including systemic viral diseases ssuch as 
influenza and the common cold. Regulation of axotrophin suitably facilitates a T cell- 
mediated immune response against tumour cells. 

A polypeptide of axotrophin may be involved in regulatirg in chemotactic or chemokinetic 
10 activity for mammalian cells, including, for example, monocytes, fibroWasts, neutrop'hils. T- 
cetls, mast ceils, eosinophils, epithelial and/or endothetial cells. The invention provides 
chemotactic or chemokinetic compositions for example proteins, antibodies, binding 
partners, or modulators containing axotrophin or polynudeotides or pcrfypeptides encoded by 
or derived from axotrophin, provide particular advantages in treatment of wounds arkd other 
15 to'auma to tissues, as well as in treatment of localized infections. For example, attra ction of 
lymphocytes, monocytes or neutrophils to tum<»s or sites of infection may result in irr^proved 
immune responses against the tumor or irrfecting agent 

The invention may also suitably be used to guide the immune system to allow for 
20 acc^jtance of, or at least reduced aggressive response to, an antigen associated with an 
autCM'mmune disease or disorder, wheUier eliciting the innate or adaptive immune reisponse 
during the auto-immune reacflon. 

Further, the invention may be used to guide the immune response to reject an organ » tissue, 
25 cell, pathogen such as a prokaryote, yeast or fungus, parasite or virus, a gene or gene 
product, an artificial substance, or any other agent that may invade or be taken Into the 
body, or be generated w?ilhin Uie body, w/herein that agent Is unwanted, dteeased {for 
example neoplastic tts^e or infected tissue), or othenmse delet«-ious to the host patient. 

30 The invention also may be used to enhance the degree (rf immune response against antigen 
following vaccination, especially in cases where current vaccination procedures are of limited 
success in generating a protective immune rejection response against biological agents, 
including for example those assodated with germ warfare. 

35 An especially advantageous aspect of the invention is the spedficlty erf response generated 
on activation by a spedfic antigen. The immune response may be guided to tolerance or 
aggression by signal pathwmy modulation in vivo. On challenge virfth an antigen, responsive 
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celts may be guided towards tolerance or aggression In accordance with various aspects of 
the invention and non-responsive celts remain unaffected by the regulatory adaptation. TTie 
target antigen itsdf triggers respcmsive cells or resporisive eel! populations: cdls capable of 
responding or^y to other antigens are not triggered, and are therefore not receptive to 
5 guiding towards tolerance or aggression towards the relevant antigen at that time. As an 
alternative or supplement, immune cells may be guided to regulatory tolerance, or 
aggression ex vivo. Immune celte, for example of blood and/or ^leen, may be removed, 
treated with antigwi &nsi guided to tolerance or aggression, before being returned to Uie 
individual. 

10 

As used h^ein, tiie term "ant^n" has the meaning generally understood in the art and 
includes any naturally (XKunring, recombinant or syrrthetic product such as a polypeptide, 
which may be glycosylated. The tenn antigen also irwiudes complexes of protein can-iers 
and non-protein molecules such as steroids, carbohydrates or polynucleotides. 

15 

Antigen is also used herein to refer to any substance which comprises a plurality of antigens 
and epitopes, for example a cell or tissue, organ, implant, indeed any substance to which an 
immune response can be mounted by the Immune system of a vertebrate, for example a 
marrMTial. 

20 

The antigen may be an antigen of a pathogenic organism associated with human or animal 
disease. Organisms whidi cause anim^ disease Include for example foot and mouth 
disease virus, Newcastle disease virus, rabies virus and Salmonella species. Organisms 
which cause human disease include for example bacteria such as Salmonella species 

25 including S. typhimurium and S, tjflJhi, Stapiiylococc^js such asS. aureus, Pertussis, Vibrio 
chc^era, pathogenic E. coll, Mycobacteria species such as M. tuberculosis and 
M.parstui»rculosis. Viral organisms include for example HIV-I or HIV-2 (whidi Include the 
viral antigens gpl6W120), HBV (which includes surface or ewe antigens), HAV, HCV, HPV 
{for example HPV-ie). HSV-1 or-2, Epstein Barr virus (EBV), nwfl-oft-opic virus, adwiovirus, 

30 cytomegalovirus, polio myelitis vims, and measles virus. 

Small pox and anthrax are aiso pathogens of interest and which may be subject to the 
present invention. Eulcaryotic pathogens indude yeast, such as C. albicans, aspergilius, 
schistosomes, protozoans, amoeba, priasmodia, induding for malaria, toxoplasma, giardia 
35 and leishmania. 
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The antigen may also be a tumour assodated ant^en. Such antigens include CEA, alpha 
feta! protein (AFP), neu/HER2, polymorphic endothelia mucin (PEM). N-CAIWI and Lewis Y. 

5 The antigen may be an abnormally expressed antigen, such as p53 or viraHy-modified 
anflgen. 

Antigens such as those mentioned alxjve may i>e obtained in the form of proteins purified 
from cultures of the organism, or more preferably by recombinant production of the desired 
10 antigen. Antigens may also be produced by chemical synthesis, for example wnploj^ng an 
automated peptide synthesiser such as are commercially available. 

Instead of wild-type polypep^de, an appropriate fragment may be used provided the desired 
activity is retained. The skilled person is readily able to make changes to amino acid 
15 sequence of any polypeptide in a conservative manner, for example without abolshing 

function. 

A further aspect of the present invention provides a method of modulating an immune 
response to an antigen in an indivklual, the method induding provision in the indivkiual of 
20 axotrophin or a polypeptide or polynucleotide encoded by or derived from axotrophin. 

Such provision may be by administration of the polypeptide or polypeptides, or may be by 
administration of polynucleotide encoding the polypeptide or polypeptides. A further 
approach comprises administration of a substance that upregulates expression of the 
25 polypeptide or polypeptides, for example by Ending me pronjoter or other regulatory element 
ofther^evantgene. 

The present Invention also provides for a method of modulating an immune response of an 
individual to an antigen, the meUiod comprising administering a substance that affects 
30 actlwty of axotrophin in the individual. 

The amount of polypeptides expressed directly or indirectiy by axotrophin in the individual 
may be modulated either upwards, so that activity is Increased or augmented, or 
downwards, so that activity is dearea^ or reduced. Inweased activity is associated with a 
35 pnsmotion of immune tolerance, while decreased activity is assodated with a promotion of 
immune response against the antigen, that is an aggressive re^orise. 
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Thus, in accordance with the present invention there is provided a method of manipulating 
^ respcmse of the immune system to a given antigen, for examine increasing tolerance of 
the Immune system of an tndivkluat to an antigen, the method comprising administering to 
5 Uie individual axotrophin or a pot^ptWe or poJynudeotlde encoded by or derived from 
axotropNn or a substance that enhances the amount or activity of polyp^tide expressed 
directly or indirectly by axotrophin. 

Further, in accordance with the present invention there is provided a method of potentiating 
10 or increasing ti^ aggressive response of the fammune syst^ of an indrvlduaJ against an 
ant^en, the method comprisirig administering to the individual a substance that deca^ases 
the amount or activify of a polypeptide expressed directly or indirectly by axotrt^shln. 

A substance may decrease the amount or activity of polypeptide expressed directly or 
15 indirectly by axoU-ophin by binding or otherwise interacting with it. Such a substance may be 
for example an antibody molecule with appropriate binding specificity, or other peptidyl or 
non-peptidyl molecule that binds the polypeptide. Production of the polypeptide, may be 
reduced by for example down-r^ulating promoter ftjnction of the relevant gene or by 
targefing encoding mRNA to reduce translation (for example by antisense or dsRNA 
20 inhibition, RNM, or ribozyme digesHon) or by m^ns of a substance that promotes 
degradation of the polypeptwie, for exsrrvfrie u^ng utsquitination. 

A substance may increase activity of polypeptide expressed directly or indirecUy by 
axotrophin by means of Wnding, for instance by binding to a promoter or enhancer region of 
25 an encoding poly nucteotkle sequence to increase promoter function , 

A fiflther aspect of the invention provides a method of enhancing an aggressive Immune 
response ^akist an antigen in an tndividuai, or of providing an enhanced aggressive 
immune response or reduced aggressive immune response, or of prtmoting tolerance in an 
30 individual, the method comprising administering to the individuat a composition comprising 
the antigen or polynucleotide encoding «ie antigen and administering a composition which 
comprises a polypeptide eoqjressed direcfly or indirectly by axotrophin or a substance that 
alt^s the amount or acHvi^ of sudi a polyfreptide in an individual. 



35 



Two or more compositions may be provided as a combirsed preparation for simultaneous or 
s«|uential administration. 
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The level of materials produced on esqsression of axotrophin, for example UF may be 
altered, for example via encoding polynucleotide, or by alteration of Oogenous ejqjression 
levels, or by alteration of polypeptide acfivity, for example by means of a small molecule w 
other active agent, so as to modulate the presence or degree of Iterance or aggression that 
5 the immune system of an indivktual shows to an antigen of interest. The present invention 
may be used in a variety of contexts, including conditioning of the immune system with 
respect to a planned transplarrt, to potential chaliei^e with a pathogen or other foreign body, 
to transformed cells of the host, for example cancer ceJIs or virally-tnfeded cdls, and In an 
autoimmune disorder. 

10 

An aggressive immune response modulated or affected in accordance with the present 
invention may be an inappropriate immune response, for examfrfe In an autoimmune 
disease, or an appropriate immune response, for example in response to a pathogen. 

16 AxoU-ophIn has been found to provide regulation of the immune response in a vertebrate for 
example a mamma! including human. Suitably the response Is a tolerogenic Immune 
response to an antigen in tie vertebrate. 

in a further embodiment, the present Invention provides for use of axotrophin or a 
20 polypeptide or polynucleotide encoded by or derhwd from axoUophin for assaying immune 
status. Axotrophin or a polypeptide or poiynudeotkle encoded by or derived frwn axotrophin 
is suitable for useful in clinical medicine or veterinary medtdne. 

The invention also provides a method for determining immune status of an individual, the 
25 method comprising determining the level of expression of axotrophin or a polypeptide or 

polynucleotide encoded by or derived from axotrqsNn in a test sample comprising tissue. 

ceils and/or bodily fluid removed or obtained from the Individual and comparing aw level for 

the test sample vwth that of a control sample, wher^n a tevel in the test sample greater than 

that of the control sanfrfe is indicative that the immune status in the individual comiwises a 
30 tolerant Immune response, or wrtierein a level in the test sample lower than that of the control 

sample is indicative that the Immune status in the Individual comprises an aggressive 

immune response. 

An assay of immune status may be used to assess immune status of an individual in relation 
35 to immune response to a pathogen, Immune response to a diseased tis»je such as a 
tumour, tolK-ance to a transfrianted tissue, celt or ottier matwiai (for example to indicate a 
status of tolerance to an organ allograft or xenograft when it is desired to reduce or remove 
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immunosuppressive therapy to the recipient). Thus, such an assay may be used in a 
diagnostic context, to detentiine the status of the immune system of an individual. It may be 
used to assess the benefit or success of ongoing treatment. 

5 TTie method is partiality beneficial for detennining immune status of an individual having a 
tissue or cell transplant and optionally is undergoing therapy. Suitably, the level is 
determined for a test sample comprising peripheral blood. Reference herein to an 
"Indrvtdual" indudes animal as well as human. 

10 A further aspect provides for use of axotrqahin or a pcriypeptkJe or polynucleotide encoded 
by or derived from axotrof^in or a substance tiiat alters amount or activity thereof in an 
Individual as disclosed, in the manufacture of a medicament to boost or reduce an 
aggressive immune response in an individual gainst an antigen or to alter toleraice of the 
immune system to an antigen, or for use in any method of treatment as set out herein. Such 

IS a medicament is generally for administration for treatment or prevention of a disease or 
disorder associated with the antigen, whether the antigen be of a pathogen, disease cell 
such as a tumour, or a material to be transplanted, such as an organ, tissue or c^i. 

C^nerally, sudi a sutetance according to the is-esent invention is provided in an isolated 
20 and/or purified form, that is substanti^ly pure. In a preferred embodiment, the substance is 
in a composition where it suitably represents at le^t 80% adlv© ingredient, preferably at 
least 90%, more preferably at least 95% and espeddly at least 98% by weight of the 

composition. 

25 A polypeptide encoded by or derived from axo^ophin or a peptldyl substance that affects the 
activity or amount such a polypeptide, for example by binding with it (such as an antibody 
molecule) or by binding with a promoter element that affects the polypeptide production by 
expressHon from the encoding gene, or other polypeptide that may be used in any aspect or 
embodiment of the present invention, may be produced by recombinant expression. 

30 

A substance to be given to an individual in accordance with an embodiment of the present 
invention may be administered in a "prophylactlcally effective amount' or a "therapeutically 
effective amount" as desired. A prophylactic effect may be sufficient to potentiate or reduce 
an aggressive Immune response of an individual to a subsequent challenge v«th antigen 
35 {depending on wrtiether an aggressive immune response agahst antigen or a tolerigenic 
response is desired). Most preferably the effect is sufficient to prevent the individual from 
suffering one or more clinical symptoms as a result of subsequent challenge with antigen. A 
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therapeutic effect is sufficient to potentiate or reduce an aggressive immune respond of an 
individual to pre-existing reaction, preferably suffkaent to witagonise tlie reaction, wholly or 
p^ally, for example m an autoimmune dfeorder or In trarwplant rejectfon. Most preferably 
the effect Is sufficierrt to ameHorate one or nnore clinical symptoms. TTie actual amount 

5 alministered, and rats and time-course of administration, vwH depend on tiie nature and 
severity of wfiat is being treated. Prescr^>tion of treatment, for example decisions on dosage 
etc, is within the responsibility of generai practitioners and other medical doctors, and 
typically takes account of the disorder to be treated, the condition of the individual patient, 
the site of delivery, the method of administration and other factors known to practitioners. 

10 Examptes of the techniques and protocols mentioned above can be found in Remington's 
Pharmaceutical Sciences, 16th edition, Osd, A. (ed). ^9QQ. 

The Invention also provides a ribozyme having specificity fo" a pdynucteotide of the 
invention based upon the nudeotide sequence of axotrophin. 

15 

In addition, the invention encompasses methods for the marjufacture of a medicament for 
treating conditions of or related to the immune system comprising administering a compound 
or other substance that mCKlLrtates the overall activity of axotrophin or a polypeptide or 
polynudeolide encoded by or derived from axotrophin. Compounds and other substances 
20 can effect such modulation either on the level of target gene/protein ejqiression or target 
protein activity. 

The invention in a further aspect provides isolated axotrophin a polynudeotide or a 
polypeptide encoded by or derived from axotrophin, including recombinant DNA molecules, 
25 cloned genes or degenerate variants thereof, especially naturally occurring variants such as 
splice variants, allelic variants, antisense polynudeotide molecules, and antibodies that 
spedfically recognise one or more epitopes present on suc^ polyp^tides, as vsfell as 
hybridomas produdng such antibodies. 

M The polynucleotide sequences of the present invention also indude a segment of axotrophin 
that uniquely identifies or represents the sequence information of axotrophin. isolated 
ptdynucleotide sequences may be produced by doning the appropriate polynudeotide 
sequence and expressing it in a vector according to methods known in the art. 

35 The polynudec^des of the pr^wit invention also indude a polynucleotide that hybridizes 
under stringent hybridization conditions to (a) the complement of axotrophin; (b) a 
polynudeotide nudeofide sequence erKioding axotrophin; (c) a polynucleotide \ftHch is an 



11 



wo 2005/074973 



PCT/EP200S/000934 



allelic variant of axotrophin; (d) a polynucleotide which encodes a spedes homolog (for 
example orthologs) encoded by or derived frran axotrophin or (e) a polynucleotide that 
encodes a poJypeptide compriang a specific domain or tmncation of any of the polypeptides 
encoded by or dertired from axotrc^hin. 

5 

As a means of providing tfie immune re^nse, delivery of a ftinctional gene encoding 
polypeptides encoded by or derived frwn axoirophin to appropriate cells is suitably effected 
ex vivo, in situ, or in vivo suitably by the use of vectors, and mors particularly viral vectors 
(for example, adenovirus, adeno-associaled vinjs, or a retrovinjs), or ex vivo by use of 

10 physical DNA transfer methods (for example, liposomes or chemical treatments). Naked 
DNA or RNA may be used for expression of an encoded gene product in vivo. Naked DNA 
may be delivered using direct injectkin or by use of gene-guns (Yang etal.. 1990) or any 
other suitable tedinique. such as topically for examine for treatment of psoriasis. Cells 
trarBfomied or transfected or otherwise genetically enginewed to contain axotrophin or a 

15 polynucleotide encoded or derived from thereby or to express axotrqshin polypeptide may 
be employed to deliver the functional material. 

In a further aspect, the invention provides a vector for the expression of axotrophin, a 
polynucleotide sequence or a polypeptide encoded by cff derived from axotrophin, the vector 
20 containing axotrophin or a polynucleotide sequence encoding axotrqahin, for example a 
polynudeoBde sequence comptemenlary thereto or the reverse thereof, a promoter 
sequence and a t^mlnation sequence. 

Viral vectors may be used to deliver axotrophin or a polynucleotide encoded by it for 
25 production, suitably in vivo. Axotrophin or a polynucleotide encoded by axotrophin which 
encodes a polypeptide or other peptidyl molecule for use according to the present invention ■ 
may be used in a method of gene therapy. This requires use of suitable regulatory elements 
for expression and a suiteble vector for deliver of the expression unit (coding sequence and 
regulatory elements) to host cens in vivo. A variety of vectors, both viral vectors and piasmid 
30 vectors, are known in the art, see for example US Patent No. 5,252, 479 and WO 93/07262 
and countless other publications, in particular, a number of viruses have been used as gene 
transfer vectors, including papovaviruses, such as SV40, vaccinia virus, herpes vimses, 
Including HSV and EBV. and retroviruses. Many gene therapy protocols in the prior art have 
used disabled murine retro\flnJS^. A variety of adaiovirus and adeno-assodated viral 
35 vectors have been developed. Alternatives to viral vectors indude transfer mediated by 
liposomes and direct DNA uptake and receptor- mediated DNA transfer. 
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Expression of polynucleotides or polypeptides encoded fay or dwived from axotrophin is 
suitably under the control of inducible regulatory elements, in which case the regulatory 
sequences of the ^ogencws gene may be replaced by homologcHJs recomWnation. Gene 
targeting may t>e used to replace a gene's existing regulatory region with a regulatory 
5 sequence isolated from a different gene or a novel regulatory sequ^ce synthesized by 
gen^c engineering methods. Such regulatory sequences may be comprised of promoters, 
enhancers, scaffold-attachment regions, negative regulatory elements, transcriptional 
initiation sites, regulatory protein binding sites or combinations of sad sequences. 
Alternatively, sequences which affect the structure or stability of Vm RNA or protein 
10 produced may be replaced, removed, added, or otherwise modified by targefing. These 
sequences include polyadenylation signals, mRNA stability elemerrts, splice sites, leader 
sequences for enhancing or modifying transport or secreUon properties of the protein, or 
other sequences which alter or mpfove the Unction or stability of protein or RNA molecule. 

15 Other methods inhibiting expression of a polypeptide include the Introduction of antisense 
molecules to the polynucleotides of the present invwition, their complements, thek 
transcribed RNA sequences, or translated products of RNA by methods known in the art. 
Further, the polypeptides of the present invention can be inhibited tty using targeted deletion 
methods, or the insertion of a n^ative regulatory element sudi as a silencer, which is tissue 

20 specific. "Gene silencing' technology is disclosed by Fire et ai in EP-A-1 042462 and Nature 
Vol 391 pp 806 to 811, "Potent arvi ^aeciffc genetic Interferwice by douNe stranded RNA in 
C elegant. 

The term "isolated" as used herein refers to a polynucleotide or polypeptide separated from 
25 at least one other component (for example, polynucleotide or po^peptide) present with the 
polynucleotide or poiypqatide in its natural source. In one embodiirent, the polynucleotide or 
polypeptide is found in the presence of (if anything) only a solvent, tniffer, ion, w other 
<x>mponent normally present In a solution of the same. The twms "isolated" and "purified" do 
not enoimpass pdynucleotldes or polypeptides present in their natural source. 

30 

The term "degenerative variant" as used herein includes nucleotide sequences that differ 
from the sequence according to the invention but due to the degeneracy encode an identical 
polypeptide sequence or a sequence having at least 75% and pref^atriy at least 90% 
sequence identity thereto. 

35 

A collection of sequence information for axofrophin or identifying information for It can be 
provided on a polynucleofide array. In om embodiment, segments of sequence infomiation 
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are provided on a polynucleotide array to detect tte polynucleotide that contairs axotrophhi 
or an axotrophin segment. The array can he designed to detect fttiMnateh or mismatch to 
axotrophia The collection can also be provided in a computeHreadal)le format. 

5 The Invention further provides cells geneticalty engineered to contain axotrophin or a vector 
according to the wwentlon as described herein. Suftably the cells according to the invention, 
preferably host cells, have t^en transformed or transfected with axotrophin or another 
polynucleotide of the invention to express axotrophin or a polynucleotide or polypeptide 
sequence encoded by or derived from axotr<^hin. Known transformation, transfection or 

1 0 infecSon methods may be employed. 

Systems for cloning and eiqiression of a polynucleotide or polypepiide in a variety of 
different cells are khovm. Suitable host cells include bacteria, eukaryotic ceils such as 
mammalian and yeast, and bacutovirus systems. Mammalian cell lines available In the art for 
15 expression of a heterologous polypeptide include Chinese hamster ovary cells, HeLa cells, 
baby hamster kidney c^ls, COS cells and many others. A common, preferred bacterial host 
is E. coli. 

A still further aspect provides a method whi«^ tnckides introdudng the potynudecrtide Into a 
20 host cell. The introduction, wrtiich may (partl<Hjlar1y for in viUo kitroducHon) be generally 
refen^d to vwthout limitation as a trarrafbnnafion, may emfrfoy any available technique. 

For eukaryotic cells, suitable techniques may include calcium phosphate transfection, DEAE- 
Dextran, electroporation, liposome-mediated transfection and transduction using retrovirus 
25 or other virus, for example vaccinia or, for Insect cetls, baculovirus. For bacterial cells, 
suitable techniques may include calckjm chlorkie transformation, electroporation and 
transfection using bacteriophage. As an altemaftre. direct ir^edion of the polynucleotide 
could be employed. Uaxker genes such as antibtotic resistance or sensitivity genes may be 
in WeHitifying clones contairring polynudeotide of intwest, as is well known in the art. 

30 

The introduction may be followed by causing or allowing expression from the polynucleotide, 
for example by culturing host cells (which may include cells actually transformed although 
more likely the cells will be descendants of the transformed cells) under conditions for 
expression of the gene, so that the encoded peptide or poljflseptide is produced, if the 
35 peptWe or polypeptide is express coupled to an appropriate s^nal leader peptide it may 
be secreted from the cell into the culture medium. Following production by expression, a 
peptide or polypeptide may be Isolated and/or purified from the host cell and/or culture 
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medium, as the case may be, and subsequently used as deared, for example in the 

formulation of a composition 

Suitably the pol^udeotkles of axotrophin expres^d in celts in are in operative 
5 association with a regulatory sequence heterologous to Uie host cell which drives expression 
of «ie polynucleotides in the cell. These methCKis can be used to increase or decrease the 
expression of the polynucleotides of the present invention. 
The invention also relates to methods for producing axotrophin polypeptide comprising 
growing a culture of cells of the invention in a suitable culture medium wider conditions 
10 permitthig expres^on of ttie desired polypeptide, and purifyaig the pdypeptide from the 
culture or from the host cells. Prefenred embodiments include those in which me protein 
produced by such process ts a mature form of the protein and any oth« polypeptides that 
retain any functional acHvity of the mature protein, 
in a preferred embodiment, a polypeptide encoded by or derived from axotrophin is used to 
15 generate an antibody that specifically binds the polypeptide. Such antibodies, particuiarly 
monoclonal antibodies, are useful for detecting or quantitating the polypeptide in tissue 
especially for immune diagnostic purposes. Polypeptides of the invention may be produced 
in whole or part by recombinant means but may be chemically synthesized. 

20 Such a method may comprise bringing a population of antibody molecules into contact vmth 
axotrophin or a polynucleotide or polypep«de encoded by or derived from axotrophin and 
selecting one or more antibody molecules of the population able to bind aid/or affect me 

activity of the polypeptide or polynucleotide. 

25 Antibody molecules may routinely be obtained using technologies such as phage display, 
t>y-passing direct involvement of an animal's immune systan. Instead of or as well as 
immunising an animal, a method of obtaining antibody molecules as disdosed may involve 
dlspla^ng the population of antibody molecules on the surfacse of bacterloFrtiage partides, 
each particle containing polynucleotide encoding the antibody molecule disjirfayed on its 

30 surface. Polynucleotide may be tal<en from a bacteriophage particle displaying an antibody 
molecule able to bind a peptide or peptides of interest, for manipulation and/or use in 
production of the encoded antibody molecule or a derivative thereof (for example a fusion 
protein, a molecule including a constant region or other amino acids, and so on). Instead of 
using bacteriophage for display (as for example in W092/01047), riboswnes or polysomes 

35 may be used, for example as disclosed in US-A-5e43768. US-A-5658754. W095/1 1922. 

A peptide or peptides may be administered to a non-human mammal to bring mem into 
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contact vwth a population of antibody molecules produced by the mammal's immune system, 
then one or more antibody molffl:aJles abte to bind Hie pepfide or peptides may be talcen from 
tlie mammal, or cdls producing such antilwdy molecules may be taken from the mammal. 
Tte mammal may be sacrificed. 

5 

If cells are taken ftom the mammal, such cells may be used to produce the desired antibody 
mcrfecules, or descendants or derivative cell lines may be used. &jch descenciants or 
derivatives in partioiter may ir^lude hybridoma cells. 

0 Antibody molecules may be provided in isdaled form, either individually or in a mixture. A 
plurality of arvtibody molecules may be provided in isolated fbmn. 

Preferred antibodies according to ttie invention are Isolated, in the sense of being free from 
contaminants sudi as antibodies abte to bind other pdypeptldes and/or free of serum 
5 components. Monoclonaf antibodies are preferred for some purposes, thoi^h polyclonal 
antibodies are within the scope of the present invention. 

Antibodies useful in accordance with the present invention may be modified In a number of 
ways. Indeed the term "antibody molecu!©" should be construed as covering antibody 

»0 fragments and derivatives comprisir^ an antibody ant^en-Wndmg domain enabling it to bind 
an antigen or epitope. Example antibody fragments, capable of bindir^ an antigen or other 
binding partner are the Fab fr^ent consisting of the \A., VH, CI and CH1 domains; the Fd 
fragment consisting of the VH and CH1 domains; the Fv fragment consisting of the VL and 
VH domains of a single arm of an antibody; the dAb fragment which consists of a VH 

>5 domain; isolated CDR regions and F(ab') 2 fragments, a bivalent fragment including two Fab 
fragments linked by a disulpNde bridge at the hinge region. Single ct^in Fv fragments are 
also included. 

CeBs may be cultured ex vivo in the presence of proteins or polynucieoBdes encoded by or 
JO derived from axotrophin In order to generate a desired immune response for example 
immunosuppression for subsequent reintroduction in vivo to allow introduction of 
immunogenic biologtcai material, in other uses, prevention of the expression or inhibiting the 
activity of axotrophin may be desirable so as to augment aggressive immune activity against 
antigens. Antisense therapy or gene therapy may suitably be employed to negatively 
35 regulate the expression of polypeptides or polynucleotides wicoded by or derived from 
axotrophin. 
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ModtfioaHon of ceUs or tissues to f»rmit, increase or decrease eX[«-ession of erjdogenous 
axotropNn polypeptkie to provide increased polyp^tide ejqaression by replacing in wdx)te or 
part the rvaturally occurring promoter with a heterologous promoter so Oiat the ceUs express 
.5 the protein at higher ievels or show itwluced ejqsression in response to phwmaceutical 
compounds. 

in a further aspect, the invention provides for manipulating, for example enhancing 
production of autologous or other stem cells or precursor cells and/or immune cells ex vivo 
10 by introduction to the cell of axotrophin or a peiynudeotide or pdypep^e encoded by or 
derived from axotrophjn. The cells are manipulated priw to in vivo delivery fw therapeutic 
purpose, particularty fw regulating tiie immune response. 

In a preferred embodiment, lymphocyte from an individual may be cultured ex vivo in the 
15 presence of one or more spedfic difffflpentlafion factors (for example target antigen for a 
given T cell receptor ("TCR") and the response to Uiat antigen adapted, modified or qualified 
to be regulated for tolerance or to be aggressive to the antigen, using up w dovm r^ulation 
of polypeptide or polynucleotide encoded by or derived from axotrophin. The ex vivo derived 
differentiated clones may be propagated and may be used to treat ttw recipient, espedally 
20 the original donor, to regulate the immune response. For example, a recipient may be 
rendered specifically tolerant to a fweign organ allograft prior to receiving the oigan graft 
itself. 

The modulation or inducing of an Immune response in the methods of the present invention 
25 may be provided by polypeptide or polynudeotide encoded by or derived from axotrophin, 
analogs including fragments and fusion proteins, antibodies and other tending proteins and 
chemic^ compounds that directly inhibit or activate the pdypeptkfes of axotrc^hln activity In 
the immune resp<x)se. 

30 Polynucleotide molecules and vectors accordhig to the present Invaition may be fffovided in 
isolated and/or purified form, for example in substantially pure or homogeneous fomn. The 
term "isolate" may be used to reflect all these posstoilities, 

A peptide, polypeptide, antibody, polynudeotide or other moleaile or agent ior use in 
35 accordance with the present invention may be formufeted into a composition, and is useful in 
pharmaceutical contexts. 
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The present invaitt£»i ^bo relates to a COTnpositiwi containing isolatwJ axotrt^hin or a 
polypeptide or polynucleotide encoded by or derived from axolropWn and a pharmaceuticaHy 
acceptable diluent, canrier or exdpfent wrtiicii is suitably non-toxic and should not interfere 
with the efficacy of Hie active ingredient. The precise nature of the carrier or other material 
5 may di^nd on the route of administration, for example oral, intravenous, oitaneous or 
subcutaneous, nasal, inb'amuscular, intraperitoneal n>utes. 

The diluent, carrier or excipient may be in the form of a gel, an oil or a liposome and, 
independently, preferably cwmprises a hydrophiltc materia!, for example water. The precise 
10 nature of the carrier or other mat^l may depend on me route of administraUon, for 
example oral, intravenous, cutanewjs or subcutaneous, nasal, intramuscular, Intraperitoneal 
routes. 

Cwnpositions for oral admhistration may be in talriet, capsule, powder or liquid form. A 
15 tablet may include a solid carrier ajch as gelatin or an adjuvant. Lk|uid pharmaceutical 
compositions generally include a liquid carrier sudi as waiter, petroleum, animal or vegetable 
oils, mineral oil or synthetic oil. Physiological saline solution, dextrose or other saccharide 
solution or glycols such as ethylene glycol, propylene glycol or polyethylene glycol may be 
included. 

20 

For intravenous, cutaneous or subcutaneous Injection, the adive ingredient will suitably be in 
the form of a parenterally acceptable aqueous solution which is pyrogen-free and has 
suitable pH, isotonidty and stability. Those of relevant skill in the art are well able to prepare 
suitable solutions using, for example, isotonic vehicles such as Sodium Chloride Injection, 
25 Ringer's Injection, Ladated Ringer's Injection. Preservatives, stabilisers, buffers, 
antioxidants and/or other additives may be included, as required. 

The composition may be administered alone or In combination vwth other treatments, either 
simultaneously or sequentially dependent upon the cwKtition to be toeated and the 

30 availability of alternative or additional treatments. 

in the present invention, a composition may be administered to an individual, particularly 
human or other primate. Administration may be to a human or another mammal, for example 
rodent such as mouse, rat or hamster, guinea prfg, rabbit, sheep, goat, pig, horse, cow, 
35 donkey, dog or cat. Delivery to a non-human mammal need not be for a therapeutic purpose, 
but may be for use in an experim^tal context, for instance in investigaflon of mechanisms of 
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immune responses to an antigen of interest, for example protection against cancers, 
pathogens and so on. 

This invention is particularly useftil for screening chemical compounds lay using axotrophin 
5 or polynucleotidas or polypeptides encoded by or derived from axotropWn or binding 
fragments ther^ in drug screaiing techniques. 

The Invention provides a nielhod of screening chemical compounds comprising contacting a 
test sampie containing one or more chemical compounds to be screened with a binder 
10 selected from axotrophin, a polynucleotide or polypeptide encoded 1^ or derived from 
axotrophin and fragment of such poljmiicleotide or polyp^de and detefmining whether the 
chemical compound has bound to the binder. 

The Wnder may be in any suiteAile forni including a vector, celt or composiBon and uSIIzed in 
1 5 kncwn ways of screening for chemical compounds. 

The polypeptides polynucleotides or fragments employed in such a test nray eiflier be free in 
solution, affixed to a solid support, borne on a cell surface or located irrtracellulwly. Or© 
method of dnjg screening utiizes eultaryotic or prokaryoUc host ceils v\*iich are stably 
20 transformed with recombinant polynudeofidra expres^g the axotrophki poiypeptUJe or a 
fragment thereof. Chemical compounds may be screened against such transformed cells in 
compefitive binding assays. Such cells, either in viable or fixed form, may be used 
binding assays in a known manner. 

Isolated proteins and polynucleotides of axotrophin may be used to obtain and identify 
25 agents which bind to a polypeptide encoded by or derived from an open reading frame 
{"ORF") correspondir^ to axotrof^in or bind to a specific domain of the polypeptide encoded 
by or derived from axotrophin. 

The invention provides a screening method for Identifying an agent vrfiich binds to 
30 axotrophin or a polypeptide or polynucleotide encoded by or derived from axotrophin 
comprising: 

(a) contacting an agent with axotrophin or a or polynudeoiade polypeptide encoded by or 
derived from axotrophin; 

(b) determining whether the agent binds to the said polynucleotide or polypeptide; and 

35 {c) detecting the fwmation of a complex, formed tretween the agent and the said 
polynucleotide or polypeptide such that if a complex Is formed, the ageiH is detected. 
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In a preferred screening method tiw comjMund is contacted with a polypeptide or 
polynucleotide of axotrophin in a cell for a time sufficifflit to form a polypeptide complex of 
the compound with the polypeptide or polynudeotlde, wher^n the comprfex drives 
expression of a receptor gene sequence in the celt, and detecting the complex by detecHng 
5 reporter gene sequence expressiOT. 

The invention also provides a l?it comprising axotrophin or a polynucleotide probes and/or 
monoclonal antibodies, and opttonally quantitetive standards, for carrying out methods of the 

invention. 

10 

The present invention further prowdes a diagnostic method to identify the presence or 
expression of axotrophin or a polypeptide or poli«iucleoHde encoding aixotrophin in a test 
sampEe, using a pc^ynucieotide probe or antibodies to axotrophin, optiwi^ly conjugated or 

otherwise associated with a suitable label. 

15 

The invention provides a diagnostic method for detecting axotrophin or a polynucleotide or 
polypeptide encoded by or derived from axotrophin comprising: 

(a) contacting a sample to be tested for the presence of a polynucleotide or polypeptide 
encode by or derived from axotrophin with a compound that binds to a polynudeotlde or 

20 poliy^ptide encoded by or deri>^d from axotrophin; 

(b) determining whetiier the compoirtd binds to a component of the sample; and 

(c) ctetecting the fomiati(Hi of a complex, formed between the agwit and the protein or 
polynucleotide and such tiiat if a complex is fomied, \he polypeptide or polynucleotide is 
detected. 

25 

Preferably the diagnostic method cwnprises contacting a sample under stoir^ent 
hybridization conditions with polynucleotide iM"inoers that anneaH to a polyrwdeotide of 
axotrophin and amplifying anneaied polynucleotides, so tiiat if a polynucleotide is amplified, 
a polynudeotide of axotrophin is detected in the sample. 

30 

In a preferred embodiment, the diagnostic method for assessing the immune response of an 
individual comprises obtaining a test sample from the individual, for example blood, 
incubating the test sample with one or more of the antibodies or one or more of a 
polynucleotide probes for axcrtrophin or a polynudeotide or polypeptide encoded or derived 
35 from axotrophin and assayir^ for blinding of the polynudeotide proiies or antibodies to 
components wnthin the test sampte. 
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Assays according to anboclimwtts of ttie fwesent invention may employ ELISA, Western 
blot, immunohistochwnistry, identification of the effects of drugs on the Immune response in 
terms of induced bias towards regulatwy tolerance, anergy or deletion, versus rejection and 
any other swtable technique available in the art. 

5 

Tests may be carried (HJt on preparations containing cDNA and/or mRNA. RNA is more 
difficult to manipulate than DNA because of the wide-spread occunrence of RN'ases. which 
is one reason vrfiy cDNA an^ysis may be performed. 

10 However, since it will not generafly be ^meor labour- efficient to sequence ail pdynucleotide 
in a test sample or even Vne whole gene of interest, a specific amplification reaction such as 
PCR using one or more pairs of primars may be employed to amplify the region of interest in 
the pdynudeotide if present in the sample. This may be done quantitativdy, allowing fw 
determinaHon of the amount of axoU'oirfitn or a polypeptide or polynucleotide encoded by or 

1 5 derived from axotrophm m the sample. 

Polynucleotide may be screened using a specific probe. Such a probe corresponds In 
sequence to a region of the relevant gene, or its complement Under suitably stringent 
conditions, specific hybridisation of «jch a probe to test poiynucleoHde is indicative of the 
20 presence of the polynucleotide molecule of. interest, and again a^s may be quantitated to 
provide an indication of the amount of such polynudeotide molecule in the test sample. 

Specific oHgonucleotWe primes may simBariy be used in PCR to specifically ampBfy 
particailar sequwicra if present in a test sampte. 

25 

A metiiod may include hybridisation of one or more (for example two) pnsbes or primes to 
tsrget polynucleotide. Where the polynucleotide is double-stnwvJed DNA (e.g. cDNA), 
hybridfeatlon will generally be preceded by denaturation to produce single-stfanded DNA. 
The hybridisation may be as part of a PCR proceduns, or ses part of a probing pn3oedure not 
30 involving PCR. A screening procedure, chosen from the many avail^le to those skilled in 
the art, is used to identify successful hybridisation events and may allcw for quantitation of 
the amount of polynucleotide present in the original sampte. 

Binding of a probe to target polynudeoUde (for example DNA) may be measured using any 
35 of a variety of techniques at tiie disposal of those sitilled in the art;. For instance, probes may 
be radioactrvely, fiuorescently or enzymaticaliy labeled, Probing may employ a standard 
blotting tedinique. 
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A test sample of polynucleotide may be prtyflded for example by extracting polynucleotide 
from cells such as spleen oelis or Iwrtoglcal tissues or fluids, urine, saliva, faeces, a buccal 
swab, bic^sy or blood. 

5 

A test sample may be tested for the |»esence of a binding partner for a specific binding 
member such as an antibtKiy molecule (or mixture of antibodies), specific for the polypeptide 
or polypeptide of interest. The sample may be tested by being contacted with a specific 
binding member such as an antibody molecule ursJer appropriate conditions for specific 
10 binding, before bindirtg is det^mtned, for instance u^ng a reporter system as discussed. 
Where a panel of antibodies is used, diffa-ent report^ labels may be employed for each 
antibody so that bindir^ of eadi can be determined. 

A specific binding member such as an ant*jody molecule may be to Isolate and/or 
15 purify its binding partner polypeptide from a test sample, to aUow for sequence and/or 
biochemical analysis of the poiypeptide to determine whether it has the sequence and/or 
properties of axotrophin or a polypeptide or polynucleotide encoded by or derived from 
axotrophin, Amino acW sequendng is routine in the art using automated sequencing 
machines. 

20 

A test sample containing one or more poliflpeptides may be provided for example as a caide 
or partially purified ceil or cell lysat© preparation, for example usirg tissues or ceBs, surfi as 
from the spleen or a bodily fluid, preferably blood. 

25 Other tests may involve the use of blood or ^een cells taken from a test animal, individual, 
subject or patient, and ex vivo challenge of the cells with antigen to determine the presence 
or ab^nce of an aggressive or tolerant response to the antigen. 

Suitable probes may. for example, be used to detennine whether specific mRNA molecules 
30 are present in a cell or tissue or to isolate similar polynucleotide sequences from 
chromosomal DNA, for example as described by Walsh et al. (Walsh, P. S. et al., ,1992. PGR 
Methods AppI 1:241-250). They may be tabbed by nick translation, Klenow fili-in reaction, 
PCR, or other methods known in the art. Suitable probes, their preparation and/or labeling 
are elaborated in Sambrook, J. et al., 1989, Molecular Cloning; A Laboratory Manual, CoW 
3S Spring Harbor Laboratory, NY; or Ausubel, F. M. et al. . 1989. Cun-ent Protocols in Molecular 
Kology, John Wiley & Sons, New York N.Y. 
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All documents mentioned anywhere in this specification are incoiporated by reference. 
The invention is illustrated by the foHovrfng non-limiang Examines and accompanying 
Figures. 

5 Example 1 

Transplantation Tt^erance: Gene eiqirestion profiles comparing allcKoierance 

versus atio^Jectlon 

In mice, infectious regulatory tolerance is inducible by CD4/CD8 biockada in recipients of 
vascularised heart grafts. Once ^ablrahed, this b-ansplantation tolerance is robust and 

10 isolated "tolerant' spleen ceils show powerful immune regulatory properties, being able to 
impose donor-specific allo-tolwance upon fuliy immune competent natve recipients. Using 
BALB/c-tolerantcQp, ^h-Z*^] mice, we analysed spleen cell re^nses to donor (8ALB/c [H- 
2^]) antigen at a series of time points arKl in cwnparison with an identical ex vivo series of 
BALB/o-rsjectedcQfi^ spleen cells. The key feature of rejection was rapid Interferon gamma 

15 release. In contrast, lnterfer<m gamma in tolerance was low and less than that released in 
response to third psciy antigen (C57BI10 [H-2^). Positive markers of primed tolerance were 
h^h expression of STATS and c-ldt. and release of LIF, Here we present a compound 
comparison of four gene arrays (tderanoe versus rejection, at 48h, and at 123h) where a 
relatively small number of differenti^iy expressed genes occurred. In rejection, there was a 

20 strong progressive amplification of Interferon gammp and granzyme B mRNAs, In tolerance, 
both Emk and axotrophin were upregulated at 123h, Mice lacking Emk develop auto-immune 
disease (Hurov et al, Mol Cell Biol, 2001). Mice lacking axotropliin show abnormal axonal 
migration during development. Taken together, our results suggest a link between 
developmental regulation snd immune regulatiCHi, and highlight a possible role for axotrophin 

"5 In regulatory tolerance. 

Materials and liethotls 

Generation ofBALB/oprimed CBA mice. 

CBA mice (H2'^) of 10 - 12 weeks of age received a fidly mi^atched, vascularised BALB/c 
30 (H2^) heart graft to the neck, using the technique described by Chen, [Chen Z.K., Cobboid, 
S.P., Waldmann, H. & Metcalfe, S.M. Amplification of natural r^ulatory immune mechanisms 
for transplantation tolerance. Transplantation 62. 1200-1206 (1996)]. Tolerance was 
generated by a 21 day course of alternate day therapy using blocking mAbs to CD4 and CDS 
as previously described [Chen, Z.K., Cobboid, S,P., Waldmann, H, & Metcalfe, S.M. 
35 Amplification of natural r^ulatory immune mechanisms for transplantation tolerance. 
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Transplantation 62, 1200-1206 (1996)]. BALB/c-to!erantcBA spleen cells from tolerant 
recipients were isolated at least lOOd after grafting for ex vivo analyses. For comparison, 
untreated CBA mice, 10 - 12 weeks of age, were grafted either with BALB/c tail skin whidi 
rejected by day 10, or with a BALB/c heart which rejected on day 7. The BALafc- 
5 rejectedcQfi, spleen cells were collected at 14d for ex vivo analyses. All procedures were 
carried out accordtr^ to Honne Office llcervoe under the Animals (Scientrtc Procedures) Act 
19^, UK. 

Ex vivo ajitures 

10 Culture conditions have been described in detail elsewhere [MetcaHe, SM. & Moffatt-Bruce, 
S.D. An ex vivo mod^ of tolerance versus rejedion: Comparison of STAT1, STAT4, STATS 
and STAT6. Clin. Chem. and Lab.Med. 38, 1195 - 1199 (2000)]. Briefly, responder spleen 
cells were obtained from either BALB/c-tolerantcBA. or BALB/c-rejectedcBA, mice, and the 
tolerant and rejected cell populations were stimulated ex viva by irradiated BALB/c spleen 

15 cells {donor antigen), using 4x10^ responders to 6x10^ stimulators in a total of 10mi growth 
medium supplemaited wtBi 10% FCS. Afta" 48h, one flask each of tolerant and reaected 
spleen ceils were removed for total RNA preparation. A second pair of flasks {one tolerant, 
one rejected) were boosted with a further 7x10^ stimulator spleen c^ls Bk 120h, and then 
harvested at 123h. At harvest, ceils wfw© collectwl onto ice, with any adherent cells being 

20 included following brief treatment with 0.25% frypsin. After resuspending the cells to 
homogeneity, a 1.5m! aliquot was removed for RNA extraction. After washing in ice cold 
0.1% BSA/PBS, the cells were collected into sterile 15ml Falcon centrifuge tubes and 
pelleted at 1600rcf for 5min at +4°C. Supernatant was discarded and the tube wiped dear of 
supernatant residue prior to resuspending the cells in pre-cooled Trizol reagent, vortexed, 

25 and then immediately stcffed at -QO°C. One ml Trteol was used per 6x10" cdls. 

RAM isolation. 

Samples were brought to room temperature and kept for 10 minutes before addition of 1ml 
chloroform and vortexing to an emulsion. After 15 min the samples were centrifuged at 

30 leOOrcf for lOmin at 400. The upper phase was transferred to RNA-ase-free Eppendorff 
tul^s in 400m1 aliquQts and an equal volume of isopropanol added. After gentle mixing and 
standing for 15 min. the samples vwere centrifuged at 13,00(^ at 40C for 10 min. Tfie 
supernatant was removed and discarded. The RNA pdlet was wrashed in 350|Ji of 75 ethanol 
and sedlmented at 7600g for 5 min at 400. The supennatant was aspirated and the pellet air 

35 dried for 20 min. The afiquoted RIMA pellets were collected together for each sample by 
dissolving and serial transfer of 50|jl DHjO; a second 50|Jl was used to serially collect 



24 



wo 2005/074973 



PCT/EP2005/000934 



washings from each tube, giving a final tot^ sample volume of lOOtJl in DH2O, This was 
stored at -8O0C until fran^ to the MRC HGRC at Hinxton Hall for customer service 
pr^jaration of cRNA and anray using Affymetrix U74 chips by standard methodologies. 

5 Gene Array. 

Analyses of the combined anrays was prepared using dChip software [Wong, C.U.W.H., 
PNAS USA, 98, 31,2001]. 

RESULTS 

10 CombHTsd 48h and 1 23h arrays of the matched tolerant and rejected sanptes pains gave 
129 gcmes showing differential expression. To identify those genes that showed a biased 
expre^ton in eittwr tdwance. or in rejection, the results were ranked in three ways; 
those genes showflng a positive shift from 48h to 123h (Table 1); those genes with high 
expression at 123h (Table 2); and those genes (tolerant) that showred a positive shift. 

15 whilst the rejection counterpart showed a negative shift from A&n to 1 23h (Table 3). 

Of the genes that increased in expression from 48h to 123h. 10 were in tolerant 
cultures with increases ranging from 1.71 fold to 4.00 fiHd. Expre^ton of the same 
genes in the rqecBon response ^>owed either no increase in expression or a decrease 

20 in expresaon (Table 1(a)). Of particular note was axotrophin. a newly discovered stem 
cell gene; cyclin B2, associated with the cell cycle and cellular migration; histone H2A-X 
that may play a role in chromatin remodeling; and ELKL motif kinase, also known as Erk. 
required to regulate the immune response and protect against auto-immunity. Table 1(b) 
show« the 5 genes that increased in expression in rejection. Again this increase was 

25 Specific to rejection, with the exertion of granzyme B with a twofold increase in both 
tolerance and rejection; hovwever, the actual levels of grara^e B mRNA were six times 
greater in rejection than in tolerance. The 12-fold incr^e in interfwon gamma mRNA in 
rejection was in accord with oir previous findings of high Interferon gamma protein 
release in these cultures. 

30 

Of those genes that showed high expression at 123h, within the context of the four 
arrays, 15 were in the tolerant set (Table 2(a)) and included axotrophin. In ruction, 13 
genes are ranked in order of expression level in Table 2(b) with granzyme B and 
Interferon gamma being the highest This analytical approach therefore showed 
35 correlatton with phenotype with respect to granzyme B and Interfa-on gamma, and again 
pla;ed axotrcHJhtn as being associated wfli tolerance, atlhough the achjal expressiCHi 
level was not great A further analysis was made, identifying those genes that j^wed 
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increased expression in tolerance whilst showing a decreased expressiwi in fefection 
(Table 3). This revealed Histone H2A-X, involved in diromatin stmcture and remodeling ; 
ELKL mom kinase ; spHdng factor 3b suljunit 1 (SF3b-155), acting as pal of the mRNA 
splidng complex and fxobably involved in exon removal; and cyclin B2, a regulator of the 
ceil cyde and also involved In cellular migraUon when ctHmplexed with cdc2.. 

TABLE la and lb: Qenas showing increased exprassion {48h versus 123h) 



Gene 

TOLERANCE 

Dual speciftdty phosph^ase 1 
BCL2'iike11 

Axotmphln* 

H2A histone family, member X 
interferon stimuls^ed prt^in (20kDa) 
Chemokine (C-C) fBceptor6 
Cyctin B2 

Paneth ceH enhanced expresskm 
Sp/fc/ng factor 36, sub-unit 1, 155kDa 
ELKL motif kin&se** 



Accession TolcNrance: R^ection: 
Number Fold increase Fold Inereaae 



X61940 4.06 0.99 

AA798e90 3.11 1.15 

AW212859 2.9 1.00 

M33988 Z.Z2 0.46 

AW1 22677 2.21 0.96 

AJ222714 2.02 0.95 

X66032 2.01 0.59 

U37351 Z.0 0.98 

A1 844532 1.93 0.59 

X70764 1.71 0.63 



REJECTION 

Interferon gamma 

Glutaryl CoA detiydrogenase 

CD3 antigen, gamma potypeptkSe 

Interleukin 1 receptor antagonist 

GranzymeB 



K00083 0.69 tf.SS 

U18992 1.20 5,10 

Ml 8228 1.23 3.22 

L32838 1.00 2.57 

M12302 2.07 2.52 



TABUE 2a and 2b: Genes showing high expremion at 123h wltMn the ctmtaxt of the 
four arrays 

Gene Accestrion Expression laval @ ISSh 

Number 

TOLERANCE 

71-2 micfogtobulin X01838 9047 
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Ring Finger protein 10 AB026621 4127 



CD53 antigen 


X97227 


3927 


Guarry/aie nuceotide binding protein 1 


[yi55544 


1005 


Spsmtidine spermineNI acyf transferase 


L10244 


1002 


Gly<x>fmtein 49A 


M6S027 


975 


Ctiemokine (C-C) receptor 6 


AJ222714 


972) 


BCL2-like 11 


AA796690 


752 


Paneth ceil enhanced expression 


U37351 


753 


BST 


AWiJ*tf W 1 




Oheinddne (OC motif} iigand 9 


C-U49513 


593 


BST 


A1 060627 


562 


Dual spedfidty phospfiatase 1 


X61340 


536 


Expressed Sequence AU021774 


A1854141 


438 


Axotrophin* 


AW212859 


416 


REJECTION 






Granzyme B 


M12302 


6766 


Interferon gamma 


K00083 


3103) 


MetattoUiionein 2 


K02236 


1952 


Lecth, galactose binding, sofubie 1 


XI 5986 


1887 


RNA binding motif pnaein 3 


AB016424 


1725 


Acidic nuclear Piiosf^oprotein 32 family, member £ 


J A1842771 


1665 


Glutaryl-Coenzyme A dehydrogenase 


U18992 


1350 


STATS 


U08378 


1026 


STAT5A 


AJ237939 


988 


Calcylcin 


X66449 


856 


CD3 antigen pyrophosphate 


M18228 


517 


IL1 rec^Jtcff antagonist 


L38838 


511 


Exp Sequence AU044919 


Xe7210 


356 



TaWe 3. Genes showing increases in expression hi tolerance and decreased 
expression in rojectkm 

Qane Ai;ceas1on 0«ne <lesci1|ition 

Number 
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H2A histone family, member X M33988 Chrwnatin remodeling (Bassing; Bruno) 

ELKL motif kinase" X70764 Immune regulation «Hurov) 

Splicing factor 3b, subunit 1, A1 844532 RNA splicang, Intron removal (Horie) 

Cyc^in B2 X66032 Ceil cyde; cell migration (Manes) 



Example 2 

The stem cell gene sxot is associated w4th ro^lafion of UF and mttogonic 
activation of T lymphocytes. 

5 

Confrol of "sternness'^ for seif-renew^ of stem calls, versus tliair drfferentiation during 
organogenesis, is fundanriental to the new fi^d of regenerative medidne. Leukaemia 
inhibitory factor (LIF) Is crittcal to this control, ading ^ a suppress^ of stem cell 
differentiation^ '. The finding that both LIF and axof, a novel stem cell gene''^ are finked 

10 also to immune tolerance suggests a reiationsNp between sternness and immunity. To 
explore this relationship we have asked if immune cells firom axof"'" mice differ from those 
of axot'* littermates. We discovered (i) that presence of axotrophin is involved in 
damping down proliferation of T, but not 8, lymphocytes; (ii) that lack of axotrophin leads 
to exces^ve retease of T cell cytokines; and O'O an axof gene-dose dependwit 

15 suppres^on of LIF. This is the first evidence that fate detemtination mediated by LIF 
maybe linked to axotrophin, and demcMistrates WMnmonalities between sternness and 
immurw tolerance that may favour acceptance of implanted stem cell allo-grafts for 
therapeutic tissue regen^-ation. 

20 Fate determination in stem cells is a critical feature in develc^ment, providing a balance 
between pluripotent setf-renewrai versus differentiated function within the whole 
organism. In regenerative medidne, understanding the molecular basis of fate 
determination of stem cells is important if they are to bo used successfully in the 
treatment of disease. Fate detemnination pathways also friay a key role in tiie Imimjne 

25 system, where reactivity is finely tuned to ensure protective tolerance towards self 
tissues whilst simultaneously being capable of aggressive attack towards foreign 
pathogens. Although the regulatory tolerance pathway is little understood, the recent 
demonstration that a single gene, foxp3, is able to orchestrate the differentiation of na"h/e 
CD4+ T cells into regulatory T cells (Treg)*-^ '^ implies the existence of "master" switches 

30 for fate detemninaflon in immunity. We hasis recently discovered features of Immune 
tolerance that are common to regulation of stem cell fate, raidng two important 
questions: do '^emness" signals play a role In autoimmunity by suppressing terminal 
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differentiation of immune effector cefls? Do allogeneic stem cells bias the atlo-immune 
response towards allo-^crterance, by signaling for "sternness", so favouring successful 
tf^apeutic engraftment? This paper desciit^s how we discovered tiiat axofrof^in, 
expressed in embryonic, neuronal, and haematopoietic stem cells', is not orjiy invdved 
5 Bi regulatwn of T lymf^cyte reactivity, but also in regulation of LIF, therdjy providing a 
novel concept of ImmurKiregLdation. 

Tiie molecular events associated with immune tolerance, versus immune aggression, 
have been compared in previous studies using an ex vivo model*. This is derived from 

10 mice where ftilly miamalohed h^rt grafts, rrormaliy rejected by day 7, become accepted 
indefinitely after short twm Woctaade of CD4 and CDS (ref. 9), Once establi^d, this 
transplantation tolerance is sdf-perpetuating and isolated "toieranf spleen cells show 
powerful immune regulatory prc^erties, being al^ to impose donor-spedftc allo- 
tolerance when infused into fully Immune competent naive recipients. We characterised 

15 the ex vivo responses of the tolerant spleen cells, versus spleen cells from mice that had 
been primed to reject the same donor-type and the key features of rejection were rapid 
interferon gamma release and strongly amplified expression of genes encoding 
Interferon gamma and granzyme B. In marked contrast, tolerance showed features In 
common with sternness, these behg the release <rf LIF and kicreases in c-kit (the 

20 receptor for stem cell fa^or (SCF)) arrf in STATS (signal transducer and activator of 
transcription 3, responsive to both SCF and LIF activity}. We found that Vrs relationship 
between LIF and tolerance was also evident In cloned Treg, showing high levels of LIF 
release in contrast to Thi and Th2 clones. At the gwie level, tolerance was associated 
with strong induction of a newly discovered stem cell gene, axot {Genbank accession 

25 number AF1 557^). To test of CHJr hypothesis that sternness and tolerance are linked, 
we have a^ced if axofrophin influences immune responsiveness. 

We first lodted at lymphocyte responsivervess to mitogen. Axot null (axot) mice were 
compared to Irttenmates Hiat ex|»-essed either or^ axot ^ele (heterozygous, &xcf^ or 

30 both alleles {wild-type; axof'*). Whole cell populations were freshly isolated from the 
spleen and we measured mitogenic activation using either concanavalin A (conA) as a T 
cell mitogen, or lipopolysaccharide (LPS) as a 8 cell mitogen. We also looked for any 
kinetic effects on responsiveness by comparing DNA synthesis at 48h and at 72h, Since 
activated lymphocytes show a synchronised ^try into the cell cycle, with S phase 

35 peaking at 48h (ref. 1 0). we reasoned that a consistent reduction in DNA synthesis in the 
axof null cells, compared to the ajfof*'* cells, would irtdlcate a loss of mitogenic 
responsiveness due to lack of axotrqshin, However, the lev^ of T cell proliferation 
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Showed a marked increase in the axot null cells when compared to wild-type cells. This 
was not caused by altered kinetics since the axof-re!ated differentiate were similar at 
both 48h and 72h (Fig. la, Fig, 16). Therefore axotrophin appeared to be represslne the 
proliferative response of T cells. Moreover, since the heterozygous axat'- T celts showed 
5 intemiediate hyper-proliferation, the repression appeared sensitive to axot gene do$e. In 
marked contrast to «ie T cells, B lymphocyte proliferation was not significantly altered by 
axotrophin (Fig. 1c, Fig. Id). We concluded that axotrophin plays a roie in damping down 
T, but not B. lymphocyte proliferation following mitogenic stimulation. No spontaneous 
mifogenesis occurred in cultures of axot", axot*'\ or axof*' spleen cells over a 7d paiod, 

10 

As a further test of functionality in the axof nirt spleen cells, we meastu-ed cytokine 
release in reqwnse to mitogen. Lac* of axotrophin was associated with a two-fold 
increase in Interleukm 2 {IL2) following conA treatment, in both axof null and axof 
heterozygous c^i cultures (F^. 2a). This IL2 equivalence revealed that IL2 was not a 

15 limiting factor for T cell proliferation, where there had been a four-fold difference. Splenic 
B cells did not release 11.2 (Fig. 2b) whilst both T and B cells released IL10 in response 
to their respective mitogens. Again, only the conA-treated cultures were affected by a 
lack of axotrophin. with a ten-fold increase in IL10 in both axof' and axof* cell cultures 
(Fig, 2c, Fig. 2d). These findings show that partial or total reduction of axotrophin results 

20 in a general increment in both IL2 and tL10 from activated T cells, but has no effect on 
IL10 release from activated B cells, tnterfwon gamma and iL4 were also measured and 
showed a similar axof-related increment to that found for 1L2 in the conA-freated 
cailtunss. as (tetailed In the legend to Fig 1. LPS-treated cultures were negative for 
Interferon gamma and IL4. 

25 

Unexpectedly, we found that release of LtF in response to conA vras strongly inhibited by 
axotrophin and that this inhibition was gene-dose dependent (Fig. 2). There was no LIF 
in the LPS-treated cultures in^spectlve of axof genotype. Based on the relationship 
between LIF concentration versus axot gene dose, we have hypothesised that gene 
30 dose cwretates with expression levels of axotrophin. Both LIF release and T cell 
proliferation would thus appear to be critically influenced by axotrophin and our results 
would be in accord with inter-dependent links between the three. 

By analysis of phenotype and of histological structure, we looiced for effects of 
35 axotrophin on the phenotypic composition of (ymphoid organs. Cell sub-populations were 
identified by FACS analysis as follows: cdls expressing the T cell markers CD3, CD4 
and CDS; the B cell marker CD19; the activation marker of T cells and of regulatcwy 



30 



wo 2005/074973 



PCT/EP2(H)5/000934 



tolerant T c»lls. CD25; and markers of dendritic cells, CD205 and DC33D1. None of 
these markers showed differer^ial expnassion between the axot*"*, axot'', and axof^ 
fittennates (Fig. 3). Similarly, histological assessment of the ^leen and thymus showred 
no significant differences tietween the ttiree axot genotypes. 

5 

Fate determination is controtled by genetic programnies that are altered by changing the 
nature and frequency of cytokine interactions within the microenvironment, both for 
totipotent and piuripotent stem cells, and for the differentiation of precursor ceils. LIF is a 
key determinant of self-renewal of stem c^ls^^ in addition to being a neuropoietic 

10 cytokine^^. l-laving shown that axotrophin may act as a negative regulator of LIF, at least 
in activated T cells, we ^ggest that LIF expression is funcHonalty coupled to axotrophin 
expression, vnth axotrophin playing a role in co-oniinating tiie positive and negative 
regulaticffi of LIF release. This would place axotrophin as a potential regulator of fate 
determination via LIF. The molecular function of axotrophin has yet to be determined and 

15 how axotrophir^ might influence LIF release is unknown. Future work wiii include 
exploratton of this relaticHiship, looldng for effects of axotropNn on LIF gene 
expres^on^', and on regulation of LIF-induced signaling through tine LIF-R/gp130 
oompiex^^'-'*'^**'''^. 

20 As a workmg model we prt^se that LIF activity, r^uiated by axotrof^in, is associated 
with immune tolerance. LIF may guide naTve T cells towards a relatively undifferentiated, 
non-aggressive phenotype in response to presented antigen, where the drcumstances 
of presentation iniKate the tolerogenic LIF activity, either directly or indirectly (e.g. 
antigen presentation by Immature or regulatory dendritic cells^®'" and associated vitamin 

25 D activity^"; or reduced T cell responsiveness due to altered function of CD4/CD8 {ref. 9) 
or CD28 (ref. 21)). TheN-eafter, epiger>etlc changes, including expression of foxp3 and 
f?OG", and Bidudion of Id transcription factors'^, would stabilise the tolerant phenotype 
for inheritable Treg activity. A link betwe^ stem ceil biology and regulatory immune 
tolerance direct rdevanoe to therapeutic intervention of immune-related diseases 

30 and to immunosuppressive treatment of organ transplant rediiMents. The wori< also has 
major implications for use of stem cells for regenerative medicine, since the properties 
we have discovered may enhance successful outcome of implanted stem ceils in 
patients. 

35 In summary, we have discovered that axotrophin represses T lymphocyte prdlferaflve 
resp<Hvslveness in adult mice and that axotrophin is able to act as a negative regulator of LIF, 
implying that axotrophin acte ttirough LIF to regulate T cells. 
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METHODS 
Mice 

Gene trap insertion was used to generate axof null BALKc mice and littermates from 
5 lieterozygcHja parents were genetyped by PGR analysis of genomic DNA to identify axof \ 
axot^ and axof'' pups as detailed previously. Spl^n, tliymus and lymphi node were 
obtained from 5m old littermates and kept on ice prior to ceH preparation for t!ie analyses 
described below. The lympii node tissue yielded very few cells and was discarded. Spleen 
and thymus from axoT'^ axof', and axof^'*™^were also taken for histology. Tliese were 
10 bisected and fixed in 70% ethanol. Fixed tissues w^e embedded In paraffin blocks and 
sectioned, then stained with haematoxyiin and eosin using standard pix>cedures. 

Prolifemtion assays 

Sptenocytss and thymocytes were teased out from each organ and coliected in sterile 
15 growth medium |KPMI-1&<H) (Gibco™ Invitrogen Co.) supplemented with 10% FCS (Gibco™ 
Invitrogen Co.). ZOOmM L-Glutamir»e, 100U/mL Penicillin and 100n.g/mL Streptomycin 
(Sigma Chemical Co,)]. The cell suspensions were washed, resuspended in growth medium 
and counted using a haemocytometer. 

20 Tlw cells were ^ded in 100^1 growth medium at 5x10* nucleated cells per well in flat 
boltwned 96-weli Nuncton™ tfesue (xilture plates and incubated at 37'C, 5% COzfor 48h or 
72h. LPS, (Sigma Chemical Co.) at SOpg/mL and conA (ION Biodiemicals. USA) at 
10pg/mL, were added as mitogens at time zero. All experiments were performed in triplicate. 
Immediately prior to harvest, supernatants were collected for ELISA analysis and the ceils 

25 were incubated for 2hrs in pre-warmed GM containing methylH'H] Thymidine (TRK686, 
specific activity 80Ci/mmol, Amersham Biosciences) at a flrwl concentration of ipCi/mU. 
Cells were harvested using a Fi(termate196, Padtard ha«vest^ and counted using a 
Packard TopCount.NXT™ microplate sclntillatton and luminescence counter. 

30 To d^ermine the effect of LIF tm Con A stimulation, BALBfc axof* splenic and thymic cells 
were incubated in the presence of Con A (2pg/mL or 10pg/mL) together with 500pg/mL or 
lOOC^/mL rmLIF (Santa Cruz Biotechnology. SC-4378). Mitogensis was measured as 
described above. Controls included GWt only, oonA only, and UF only, at the respective 
concentrations. 

35 

ELiSA 
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ELISA's were performed on the 48h culture supematants, in 96-wel! Falcon® plates using the 
DuoSet® ELiSAS for Interferon gamma (DY485). IL2 (DY402). IL4 (DY404). IL10 (DY417) 
and Quantikine*1yi Immunoassay for LIF (MLFOO), from R&D Systems. The standard curves 
were established by processir^ the c^ticat density data using Mictoso^I Exc^ software and 
5 cytokine concentrations were detennined uang the standard curves. 

Flow cytometry 

The splenic and thymic celt suspensions were RBC depleted and washed in FACS staining 
solution (0.2% BSA and 0,1% sodium azide in IxPBS) pricM" to being mixed with the various 

10 monoclonal antibodies detailed below, ttiese being either direc% or uidirectly conjugated 
v«th Phycoerythrin (PE) or FluofBsceIn teoUiiocyanate (FITC). PE-rat anti-mouse CD19 
(5573^), PE-hamst«- anti-mouse TCRa chain (553172) and rat anti-mcHJse dendritic cell 
clone 33D1 (551776) were from Pharmingen. Ral anti-mou^ CD205-FITC (MCA949F), 
mouse anti-rat Ig62a heavy chain-FITC 0MCA278F) and mouse anti-rat lgG2b chaSi>4=nTC 

15 were from Serotec Ltd. while rabbit anti-mcRise CD25 (IL2Ra) and goat anti-rabbit IgG 
(H&L)-PE (4050-89) were from Santa Cmz Biotechnology and Southern Biotechnology 
Associates respectively. Anti CD4 (YTS177.9.6) and anti CD8 (YTS 105.18.10) were a gift 
from Professor Stephen Cobbold, University of Oxford. Analyses were performed on a 
Becton Diddnson FACSCalibur instrum^t equipped with CellQuest software. 

20 
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Figure Legends 

5 Figure 1. 

DNA synthesis and cvtotdne release by splenocytes from axot'*. axot''. and axof'' 
littermates 

(a) HMhymidine labeling of spleen cells stimulated for 48h (upper panels) or 72h (lower 
panels) with conA (left-hand panels) or LPS (right-hand panels). DNA synthesis and 

1 0 standard deviation are shown after subtraction of the rest»ctlve badtground controls for 
each genotype. Background controls were aR less than 300qjm. (b) levels of IL2 and 
IL10 in supernatants at 4^ after stimulation with either conA (upper panels) or LPS 
(lower panels), Interferon gamma wkJ iL4 were also measured: Interferon gamma was 
present in the conA culture supernatants only, the concentrations being 538pg/ml, 

15 1410pg/ml, and 909 pg/ml respectively for axot*'\ axot'', and axof'' cultures. IL4 was 
also only found in the conA supernatants and was 121 pg/ml, 263 pg/ml, and 92 pg/m! 
respectively for axot*'*, axof'', and axof*^ cultures. The regression analyses for goodness 
of fit of each ELISA were as follows, IL2, = 0.946; IL4, = 0.925; 1L10, = 0.939; 
and Interferon gammgR* = 0.937, 

20 

Figure 2. 

Effect of axotrophin on tIF release. 

LIP release from spleen cells of axof*^, axof ', and axot^ Httenrwtes after 48h conA {left 
panel) or 48h LPS (right panel) stimulation. The regres^on analyses for goodness of fit 
25 was R^ = 0.999. 

Figures. 

Phenotvpic profile of spleen aid thwius from axof^ and sxo^- mouse littenmat^. 
Whole populations of spleen and thymic cells were pr^ared, stained and analysed as 

30 described in Materials and Methods. The FACs data is presented in histogram format 
with the cuf-off for negative staining indicated by the vertical line through each data set 
of CD4, CDS, CDS, CD19, DC33d1, and CD25 staining. The mouse axof* and axot 
genotypes are as indicated above each panel, Axot splenocytes and thymocytes were 
also analysed and gave the same results as thos» shown. CD205 staining was negative 

35 throughout. 
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